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SYNOFPSIS

Japan Air Lines training flight 90 of June 2%, 1969, crashed at
1603 1/ while executing a takeoff on Runway 32R. Of the five crew-
members and trainees on board, three received fatal injuries and two
sustailned serious burn injuries. The two survivors were the flight
Instructor and the flight engineer.

Shortly after 1ift-off, the flight instructor reduced power on
No. 4 engine to check ihe trainee's emergency procedures, and the air-
craft began to yaw to the right. This yaw continued to increase until,
at a point approximately 6,500 feet down the runway, the right wing went
down and the No. U engine pod made contact with the runwuy. In a severe
3ideslip to the right, the aircraft slid off the runway and thence in a
northerly direction through 2,600 feet of rough terrain, breaking up and
bursting into flames before it came to rest on an easterly heading.
'our crewmembers escaped from the burning aireraft through a dbreak in
the fuselage, but of these four, only two survived. The body of one
traince wes later found in the burned cockpit area. Ground impact and
fire after impact almost completely destroyed the airplane,

The Safety Board detenaines that the probable cause of this accldent
was the delayed corrective action auring a simulated critical-engine-out
tekeoff{ maneuver resulting in an excessive sideslip from which full re-
covery could not be effected.

1/ AIY times herein are Pacific daylight, based on the 2h-hour clock.
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1., INVESTIGATION

1.1 History of Fligit

Japan Air Lines (JAL) training flight 90, June 24, 1969, was to
be the final stage of a 12-hour, captain-upgrading training for three
copilots, each of whom was type rated and had a minimum of 1 year's co-
pilot experience in the Convair 880, The final check of these trainees
was to be a JCAB (Japan Civil Aviation Bureau) Air Transport Rating Check,
scheduled June 26, 1969, The subject flight was to be the third of
June 24 for the aircraft and was scheduled for 1530 to 1930.

The aireraft arrived on the ramp at 1501 after completing its second
training flight of the day. All turnaround checks were completed and the
aircruft was readied for the final flight of the day,

Company records show that the crewmembers for Flight 90 reported to
the training center at 1430 and spent the jntervening time in preparation
for the flight. The crew consisted of an instructor pilot captain, the
flight engineer, and three pilot trainees. Company records showed that
e£ll crewmembers had an adequate rest period prior to reporting for duty.

According to the surviving crewmembers, the aircraft log reflected
infomation about a sticking fuel quantity gauge and erratic indications
on the copilot's attitude indicator iavolving errors of several degrees
of pitch and roli. The captain was unable to recall the number of degrees
involved. He stated he observed no abnomal readings on the horizon indi-
cator while taxiing.

No items affecting the alrworthiness of the aircraft were noted by
either the captain or the flight engineer during the prestarting, ground
operation, or takeoff roll.

The prestarting checklist included the regquirement for a crewmember,
deplaned for the purpose, to observe physically the operation of the
rudder-boost system and proper movement of the rudders. The instructor
captain and flight engineer both stated this was accomplished, as were
all other preflight and ground checklist requirements. No discrepancies
vere noted by either crewrnember,

The instructor captain was seated in the copilot's seat; and one of
the pilot trainees was in the captain's seat. The flight engineer was at
the engineer's station, and another pilot trainee in the observer's seat.
The third pilot trainee's position could not be determined; howevevr, he
was expected to occupy a seat in the passenger cabin during takeoff and
landing.

Aireraft performuance computations prepared by tha c¢rew for the flight
were lost in the ground fire. Reconstructed computations based on existing
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conditions are as follows: Vy speed--125 knots, Vg--130 knots, Vo--145
knots., 2/ The captain's recollection was that Vg was 132 or 133 knots
and that Vo was 140 knots "plus something."

Recorded information from the FAA-operated control tower at Qrant
County Airport showed JAL 90 requested information as to the active run-
way, temperature, and time at 1537. At 1545, the flight reported ready
to start engines for an IFR departure on a local flight. Wind was re-
ported to JAL 90 as 240° at 15 knots with gusts to 20, altimeter 29.66,
At 1548, e local clearance was issued to the flight and, at 1555, JAL 90
advised 1% was taxiing, The local control recording showed JAL 90 an-
nounced its readiness for takeoff on Runway 32R (right) at 1601:25 and
takeoff clearance was issued at 1601:3D. Wind was sgain reported from
240° at 15 knots,

, According tc one of the two tower controllers on duty, the alrcraft
started what appeared to be & normmal tekeoff at 1602, He said that ap-
proximately 5,000 feet down the runway and at a height of approximately
50 feet above the runway, the aircraft yawed to the right approximately
30°. At approximately 1603, he saw the right wing dip and appear to
touch the ground., The aircraft continued in a northeasterly direction,
descended, struck the ground, and appeared to groundloop to the right.
There was considerable dust and what appeared to be smoke. The controller

stated that approximately 5 to 10 seconds after the afircraft crashed, it
burst into flanes.

The other tower controller stated that he observed Japanair 9O make
what appeared to be a normal lift-off. He szaid that immediately after
1ift-off, the aircraft began to yaw severely to the right at an altitude
of not more than 50 feet. Approximately 6,000 feet down the runway, the
right wing dipped to the surface, the aircraft groundlooped off the right
side of the runway, slid in a northerly direction, and burst into flames
within 10 seconds after coming to rest.

The two tower centrollers were the only known eyewitnesses to the
takeoff and crash.

The instructor captain described the following sequence of events:
A rolling tekeoff was made (from Taxiway 1, approximately 500 feet from
the threshold end of Runwvay 32R). Upon reaching Vg, "rotation” was called
out and the aireraft lifted off normally. According to the horizon instru-
ment on his side, the rotation angle was 12°, He stated that shortly after
lift-off, with a opeed somewhere between Vg and Vo, he retarded the No, 4
pover lever very slowly to check the traince pilot on & one-engine-out
emergency procedure. As No. 4 power wvas fully reduced, he had the feeling
that the aircraft was leveling off, not climbing or sinking, and that at
the same time iL was turning to the right, wings level. The captain stated

2/ V) means critical-engine-fallure speed; VR means rotation speed, and
Vo means takeoff safety speed.
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that upon retarding No. 4 power, the trainee pilot applied rudder in
‘the correct direction but that his ccerrection was "a little delayed,"
"rather light", or "not proper." He said that he took over control of
the aircraft when he saw the yaw coatinuing "Jjust about when we were
going off the runway” (the nose of the aircraft turned beyond the side
of the runway, and only the grass srea of the airport was in view).

The instructor captain, in describing the actions he took to stop
the yaw, stated, "X f¢°t it strange that though I was pushing the left
rudder to stop yawin- e action has been ineffective at all, and thLe
aireraft didn't foll- so. At first (I used) ucderate rudder and when
~yaw didn't stop I p. - 1 rudder moderate to heavy - about three quarters
rudder travel. I . .' n't use full rudder because I was too close to the
ground and afraid oo _.atacting the ground with the left wing as a result
of radical action.” Jo, hoping to maintain the altitude he had already
attained and start climbing, he advanced No. b engine power. This action
stopped the nose from continuing its turn, but it was at this time that
the aireraft contacted the ground. The captain steted that he then aban-
“doned the idea of trying to contirue lift-off and decided to make an
energency landing. During the ensuing ground shocks and rapid decelera-
tion, the captain retarded all powar levers to idle, pulled the No. b
fire-pull "T" handle and, to the best of his recollection, pulled the
No. 3 "T" handle part way out,

To explain why he had reduced No. 4 engine power very slowly, the
captain stated that it was because of the existing crosswind, and it was
the first takeoff of the day (for this particular training flight). He
also inferred he used this technique to afford the trainee a greater
opportunity to respond to the situation. He stated that he had pre-
viously, on infrequent occasions, used a slow movement of the power lever
when simulating a one-engine-out maneuver. He was no%t sure whether or
not he had done so previously with the trainee pilot involved.

Both <he captain and flight engineer stated that engire pover and
other aircraft instrument inuications were normal throughout the flight,

After the aircraft came to rest, four of the occupants escaped from
the burning wreckage through & break in the fuselage. Of these, two
succumbed to fire after getting outside the aircrarft. The body of one
trainee was later found in the burned cockpit area.

The accident occurred at latitude 47°13'30"N., longitude 119°18'10"W.,
during daylight hours,

l.2 Inguries to Persons

Injuries - Crew Passengers Other
Fatal 1 (trainee) o 2 (trainees)
Nonfatal 2 0 0

None 0 0
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1,3 Damage to Aircraft

The aircraft was demolished by impact, by disintegration as it slid
through rough, rocky terrain, and by the ensuing ground fire.

1.4 Other Damage

Runway 32R was gouged, one runway light wns smashed, and the portion
of Taxiway 5 on which the main wreckage came to rest was damaged by fire.

1.5 Crew Information

All crewmembers were rroperly certificated and qualified for their
positions. (For further details, see Appendix A.)

Captain Kazuhiko Suda, aged 37, held a currently effective JCAB Air-
iine Transport Pilot Certificate with type ratings in the Convair 880
- and Douglas DC-8, ané an instructor-pilot rating issued March 14, 1967.
His and company records showed he had accumulated a total pilot time of
7,639 hours, with 60C hours experience as an instructor-pilot, of which
100 hours were obtained instructing in the Convair 880. His most revent
proficiency check in the CV-880 reflected an outstanding perfomance,

In December 1968 and January 1969, Captain Suda received approxi-
nately 12 hours of training in simulators and the actual aircraft for
qualification as a CV-880 Instructor-pilot. He acted in this capacity
during January, February, and June 1969. During March, April, and May

1969, except for several trips as a Convair 880 copilot, he served as a
DC-8 captain and instructor.

Pilot Trainee Jyunichi Murata, vho occupied the captain's seat,

was 29 years old and held a currently valid JCAB Commercial Pilot Certi-
ficate. Company records showed tLe had a total time of 2,773 hours. Of
this total, 827 hours were acquired in the CV-880 as a copilot, 32 hours
of which were in training and obtaining a type rating. In the last 90

days, he had accumulated 154 hours fn the CV-880, including 11 hours and
43 minutes of captain-upgrading training.

In describing Trainee Murata's skill level, Captain Suda stated
that he graded the traince with "B minus" on the intermedfate check of
June 19, 1969, vhich was about the helfway point in the scheduled 12-hour
training progran. Captain Suda's report of this check, given when
Mr. Murata had received 8.5 hours of training, had the comment, "OK for
ATR check., Depending upon “he demands for left seat capability, Jjudgment
and planning is weak." 'The report projected an estimated 1% hours of
training would be required (programmed time, 12 hours). Captain Suda said
that Trairee Murite tended to scan the instruments slowly during his flight
trainiag and that it was necessary to remind him of altitude, heading, and

. &
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airspeed. He Jjudged Mr. Murata's skill as "Just average, or just below

average.” Captain Sude estimated that he had given Trainee Murata 20 or
more one-engine-out procedures during his training.

Flight Engineer Nobuhiro Uematsu, aged 31, held a currently effective
JCAB Flight Engineer Certificate. He had been a flight engineer instructor
since March 11, 1968, and had accumulated a total time of 2;948 hours, of
which 1;114 were in CV-880 aircraft.

1.6 Aircraft Information

The aircraft, a Jonvair 880, Model 22M, serial No. 49, was manu-
factured September 13, 1962, and had accumulated a total time of 14,278
hours, It was powered by four General Electric Model CJ805-3B axial flow
Jet engines, with total times which ranged between 8,914 and 11,326 hours.

The aircraft was certificated in accordance with existing regu-
lations, and the records reflected that it had been maintained in an air-
worthy condition.

The takeoff gross weight was computed at 162,450 pounds, the center
of gravity, at 27.6 percent MAC (mean aerodynemic chord). These were
within the allowable limits of 193,000 pounds maximum gross weight, and
the center of gravity range of 20.6 to 32 percent MAC.

| The fuel load was Conoco Jet 50, which is equivalent to JP4 or
MIL J-5624E. Records showed the aireraft was serviced to 71,500 pounds
total fvel, distributed symmetrically in both wings. Takeoff fuel was
calculated at 70,00( pounds.

1.7 Meteorolqgical Information

Surface weather observations recorded by control tower personnel at
the Orant County Alrport nearest the time of the accident were made at
1555 and 1610. Both observations showed scattered clouds at 8,000 feet;
thi ., scattered cirius; visibility 65 stetute miles; temperature 74° ¥.,
dew point 38° P., and altimeter setting 29.66. The 1555 observation shcved
the wind from 250° at 15 knots, and the 1610 observation showed the wind
from 280° at 10 knots.

The natural light condition was sunny.

1.8 Aids to Navigation

Aids to navigation were not involved.

1.9 Comminications

Communications were not a factor.
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1.10 Aerodrome and Ground Facilities

Grant Chunty Alfrport is located 5.5 miles north-northwest of
Moses Lake, Washington, at an elevation of 1,186 feet m.s.1. Publicly
owned, the aiiport is operated by the Port of Moses Lake Commission.
There are thres runways, the longest of which is 1hL-32R. Runway 32R
used by the flight involved is 13,500 feet long, 300 feet wide, level,
and is constructed of asphalt and concrete, There are stabilized over-
-runs on each end of this runway, 1,000 feet long. High-intensity runway
lighting is installed. Runway 32L is a 3,100-foot day/VFR runway, con-
verted from taxiway use to light alrcraft operations. It is located at
the northvwest end of Runway 32R and is parallel to it.

A control tower operated by the Federal Aviation Administration is
located on the airport., Tower personnel approved by the U. S. Weather
Bureau record local weather observations, and complete weather service
is supplied from the FAA Flight Service Station at Ephrata, Washington,
located about 11 miles west-northwest of the airport.

Ground facilitizs were found to be well maintained. Runway 32R
and the main taxiw:.y from the operations apron to Runway 32R were both
in excellent condit‘on,

1.11 Flight Recorders

A United Data Control Flight recorder, Model FA-542, was recovered
from the severely burned cockpit area. The recorder, which was located
in the bvelly of the aircraft behind the nuse gear well, was ceverely
damaged by fire, but was decipherable after extensive cleaning of the
burned foil.

Exaridnation of the flight record pertinent to the takeoff and subse-
quent accident showed that all four paresmeters were functioning. A data
graph reflecting the time period of 1 minute 40 seconds, beginning 1
ninute before lift-off, was plotted.

Correlation of the four traces showed that takeoff was initiated
with a rolling start following a left turn onto the runway hezding. The
actual takeoff r>ll was determined as nearly as possible, considering
that a rolling takeoff was made, to have begun at time 0:20 (sec.).

The appearance of all traces showed that the takeoff run was normmal
and acceleration was steady, as evidenced by a nearly constant rate of
increase in the airspeed trace.

Correlation of the traces showed that rotation began at time 0:55
at an eirspeed of 131 KIAS (knots indicated airspeed), and lift-off
occurred between times 0:58 and 1:00 (60 sec.).
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At time 1:01.5 (61.5 sec.), the heading trace showed the beginning
of a turn to the right, which in the next 5.5 seconds resulted in a
heading change from 318° magnetic to 014°, a change of 56° at a rate of
10° per second. During the L-second period of time between 1:06 and 1:10,
the airspeed trace showed a drop in airspeed Zrom 140 KIAS to 3% KIAS,
- It was determined that the magnitude of this decrease in airspeed re-
sulted from a loss of dynamic pressure at the pitot head due to sideslip.

The altitude trace reflected that the aircraft reached a maximun
height of 125 feet above field elevation at time 1:08.5 (68.5 sec.). By
this time, the heading trace cshowed the turn to the right had stopped and
a turn to the left had begun, which, in 2 seconds stopped again, and a
generally stable heading of 345° magnetic was then recorded. Shortly
thercafter, at time 1:10 (70 sec.). and after restoration of dynamic
pressure to the pitot heads, the airspeed trace settled on a value of
122 KIAS,

The altitude trace showed a return to field elevation at time 1:13
(73 sec,), at vhich time the airspeed was recorded at 116 KIAS, and the
heading at 347° magnetic. It was determined that ground impact occurred
at this time. All traces beyond time 1:15 are considered to be meaningless.

No cockpit voice recorder was installed in this afrcraft.

1.12 Wreckage

Gouges and scrape marks, starting at a point 6,504 feet from the
threshold of the runway, showed where the bottom of the No. 4 engine pod
began scraping the runway for a distance of 656 feet. Tire skid marks,
which began shortly before the end of the engine scrape marks, continued
for another 278 feet before leaving the runway. Both engine and tire skid
marks showed that when the nose gear touched down, the aircraft was banked
at a 37° angle to the horizontal and 18° to its direction of travel. When
the left ~in landing gear made contact, the aircraft was at a 42° angle
to the horizontal and at a sideslip angle of 22°. As it left the runway,
the aircraft was at an angle of about 46° to the runway and at a sideslip
angle of about 22°,

Shortly after leaving the runway, the tail skid separated and the
aireraft continued to slide approximately 2,600 feet on a magnetic heading
of 351° before it came to rest on Taxiway 5. Over approximately the last
1,000 feet of travel, scattered fragments of engine pods, main landing
gear components, wing fragments, parts from the structure of the lower
gection of the airframe, and two separated engines were found.

Evidence of fire appeared approximately 1,700 feet north of where
the aircraft left the runway and beyond the point in the wreckage path
where disintegration began,
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When the aircraft reached Taxiwsy 5, which cuts through the ter-
rain at a slightly lower level than the surrounding ground, the fuselsage
separated at the trailing edge of the wings, and its forward section came
to rest on a heading of approximately 100° magnetie. From the pressure
bulkhead forward, the aircraft was coumpletely destroyed by fire. Only
the empennage, engines, and other components scattered along the wreckage
path escaped complete destruction by fire.

Measurement of jackscrews showed that the tralling edge flaps slat
system and spoilers were at a setting of 22° and the horizontal stabilizer
at 3.9 units--the proper positions for takeoff. All cockpit instrument
readings and control settings were destroyed by fire,

The rudder-boost unit was removed from the empennage and sent to a
bench-test facility at San Leandro, California, for functicial checking.
Functional tests of the unit showed that it was capable of normal oper-
ation. All other aircraft systems were damaged by impact and fire to the
extent they could not be checked for preimpact operational capability.

All engines were separated during the ground slide and breakup of
the aircraft. The No. 3 engine was found 2,000 feel. from the runway, the
No. & engine 2,300 feet, and Nos. 1 and 2 engines were found in the main
wreckage. Al erginer were subjected to varied degrees of roll, tumbling,
and fire damage.

A disassembly examination of the engines, performed at the General

Blectric overhaul facility, Ontario, California, showed that the No. 1
engine was at 90 percent r.p.m. or less, Nos. 2 and 3 at approximately 90
percent, and No. I more than 94 percent; all engines were decelerating.
The fuel valves were determined to be in normal takeoff positions. No
evidence of e preimpact malfunction or failure of the engines was found.

1.13 Pire

Evidence of ground fire was found approximately 1,700 feet nortn of
where the aircraft left the runway and beyond the point where disinte-
gration of the aircraft began. Upon coming to rest, the wings and the
fuselage erupted in flames. The fuselage (except Tor the empennage) and
the wings were almost completely consumed by Pire, 1In addition, a brush

fire occurred vhich spread over an asrea of approximately 300 acres before
it could be extinguished.

Response to the crash alarm sounded by the control tower was immediate
and crash/firefighting equipment reached the burning wreckage at 1607. One
type 530A pumper, one type 0-10 crash truck, a tanker, and a pickup truck
equipped with dry chemical were dispatched by the airport fire station.
This equipment was augmented by a tanker truck provided by the Boei..;
Company. Foam was directed on the fuselage section of the aireraft in
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an attempt to extinguish fire in the area where survivors might be
located. Approximately 3,900 gallons of premixed foam and 2,500
gallons of water were directed on the burning wreckage. Mutual aid
from rural and city fire departments was obtained to combat the brush
fire.

1.14 Survival Aspects

The surviving crewmembers stated that due to smoke and flames,
they could not see outside the aircraft after it stopped. Attempts to
leave the aircyaft through the cockpit sliding windows, the main cadbin
passenger door, and the galley service door were unsuccessful because
all of these exits were jJjarmmed and resistcd all efforts to unlatch them.
An opening at the rear of the remaining cabin section, resulting from
separation of the aft fuselage section, was discovered and utilized to
escape from the aireraft. Although the area in the vicinity of the
fuselage bresk was engulfed in flames from the burning wing, Captain Suda
and Engineer Uematsu looked for an area of least fire, jumped down approxi-
mately 6-1/2 feet into the fire, and then ran in their selected directions.
Both successfully escaped from the fire avea, but sustained serious burn
injuries, primarily to their lower extremities. Two of the trainees were
the first to leave the aircraft. These two apparently went to the right,
near the area of the left wing, and were not able to escape the flames.
The body of one was found approximately 75 feet from the fuselage to the
northwest, and the other, approximately 50 fect farther northwest, in
the grass fire area. The hody of the trainee who was seated in the ob-
server's seat was found near the observer's seat, in the burned cockpit
area. According to the instructor's statement, before leaving the air-
craft he found nobody remaining in the aircraft.

The airport manager and a security guard, the first persons to
arrive at the wreckage, found both survivors together a shurt distance
northwest of the empennage section., Both crevzembers were taken to
Samaritan Hospital, Moses Lake, by emergency vehicle,

Because of destruction by fire, no evidence was available to deter-
mine the reason for the jammed exits encountered bv Lhe crew during their
attempts to escape. However, examination of the available structure of
the aircraft showed that the flexing and twisting forces to which it had
been subjJected during the disintegrating ground slide would have readily
caused the locking pins of these exits to Jam.

1.15 Tests and Reseurch

In order to obtain first-hand knowledge of the handling character-
istics of the Convair 880, Model 22M, under critical-engine-out conditions,
demonstration flights were conducted, with Board investigators aboard, in
a similar make-model aircraft at the Federal Avjation Administretion Aero-
nautical Center, Oklahoma City, Oklahoma, on July 7, 1969, The aircraft
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and crew were provided by the FAA, Participating in the demonstration
flights were the FAA Coordinator and a flight test pilot from FAA Western
Region Flight Test Engineering. The demonsiration consisted of a series
of takeoffs simulating the critical engine inoperative, with such simi-
lations and asymmetric thrust evaluations also performed at altitude. On
the rirst takeoff, the gross weight was 160,853 pounds, fairly approxi-
mating the load conditions of JA-8028 at the time of the accident, The
last takeoff of the series was performed at a gross weight of 137,000
pounds. The field elevation was 1,284 feet.

Six takeof{s during which three engine cuts at V3, two at Vo, and
one at VR were aade. In each simulation, the downwini outboard engine
was retarded with a rapid movement of the power lever. To correct for
the yaw produced by these power reductions, it was necessary in the first
four instances to apply promptly full, or almost full, rudder travel, At
the lighter gross weights, a Vg engine cut at 139,000 and & V, engine cut
at 137,000, three-quarters and slightly more than one-half rudder travel,
respectively, were required. Although less rudder travel was necessary
during the light~r gross weight simulations, it was noted that the yaw
developed more repidly end corrections had to be applied more promptly.
The use of aileron control to assist in maintaining straight flight was
required in all cases.

At an altitude of 9,000 feet, a Board investigator took the controls
to determine the amount of rudder and aileron necessary to compensate for
critical engine inoperative conditions. A Vpe speed and other conditions
were used by the FAA crew to equate performance to takeoff at field ele-
vation. On three successive maneuvers, alternating with rapid reductions
of power on the left-hand and right-hand engines, the Board's investigator
found it necessary to apply promptly full rudder and some aileron to main-
tain straight flight,.

On three additional maneuvers the power was reduced gradually to
simulate the slow reduction described by the captain of the accident
flight. On each of these maneuvers, the onset of yaw was gradual at
first, giving rise to a feeling on the part of the investigator that
no urgency was required in beginning correction and that light rudder
pressure would be sdequate. When corrective rudder and aileron were ap-
plied, directional control was maintained or restored. In some instances
where full rudder and some aileron were applied, the yaw wes arrested and
resulted in over-control and entry into the dutch roll condition, which is
characteristic of any swept-wing aircraft,

Results of the above-described tests demonstrated that during
critical-engine-out maneuvers, it was necessary to apply promptly cor-
rective rudder supplemented with aileron control to maintain directional
control of the aircraft. The tests at altitude simulating engine cuts
demonstrated that with the use of full rudder supplemented by aileron, &
developing yaw could be arrested and the aireraft made to yaw in the
opposite direction.
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While at altitude, additional tests were made by the Western Region
f1ight test pilot to determine the power increases required to overcome
drag resuiting from one-half-ball and one-ball esideslip displacements of
the turn and bank indicator.

For the steady stdate zero sideslip condition, vn E,P.R. (Engine
Pressure Ratio) setting of 1.85 was required. The aircraft was then put
into & one-half ball sideslip angle and thrust was increased to maintain
atrspeed and altitude. This required a power increase to 1.95 E.P.R,

A one-ball deflection required an increase to 2.09 E,P.R. The deta
recorded from these tests were correlated with Chart 3.13 in Volume III,
Book II, of Convair document Z£-22-028 (Aircraft Certificatiorn Data), which
fs included in {. certification data for the Convair 880 {FAA Project
CcT-659-LD). I is a chart showing the relation between engine thrust and
E.P.R. Thi+ chart shows that variation of E.P.R. and thrust is virt ally
linear, i.e., that thrust for 1.90 E.P.R. is 4,400 pounds thrust pe.

engine and 2.05 £,P.R, results in 5,060 pounds thrust per engine. Thus a
change of .05 E.P,R. results in a change of 220 pounds of thrust per engine,
at a given airspeed and altitude.

A graphic presentation of the results of the above tests is shown
as follows:

Ball E.P.R. #Thrust/Engine #Thrust Required/Engine - ‘hrust Reyuired
Over Initial For L Engines
Gver Initial

0 1.85 4,180 0 0
1/2  1.95 4,600 F420 1,680
1 2.09 5,240 £1,060 it,240

7hus it will be noted that an additional thrust of 4,240 pounds is
required to maintain constant airspeed and altitude when the turn and
bank indicator is displaced one-ball width, which is in excess of the
thrust produced by one engine with the ball centered. This test demon-
strated the high thrust penalty incurred resvlting from additional drag
due to sideslip.

Computed data pertaining to the takeoff performance of JA-8028 vere
studied in an effort to determine whether actual performance was Or was
not normal, The information shown in the appropriate JAL chart and the
FAA Flight Test Engineering Chart gives the cowputed points for Vi, Vp,
and Viop 3/ speeds. Though there are differences in the two sets of
computations, the differences are not considered eppreciable and were
used for comparison with the flight recorder iuformation. The three sets
of data are:

3] Viop means 1ift-off speed.
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V, - 125 Knots Vg - 130 Knots Vior - 140 Knots

JAL 28,6 sec. 3,L95 ft. 30.0 sec. 3,805 ft. 32.7 sec. 4,470 ft.

FAA 29.5 sec., 3,640 ft. 31.2 sec. 4,025 ft. 32.8 sec. 4,487 rt.

Flight Recorder 35.0 sec. 130 knots 38.0 to 40.0 sec.,
136-139 knots

The flight recorder traces show differences of 3.8 to 5.0 seconds at VR
and 5 to T seconds et Vi,p -- somevwhat longer periods of time to reach
these speeds. However, because of the rolling takeoff, it waes impossible
“n Jetermine the aircraft's precise starting point. from the flight recorder
trace. For this reason, it was considered that the t'light recorder values

shown could not be compared with the computed values with any appreciable
degree of accuracy.

Japan Air Lines uses an approved derating system for power settings
for the purpose of increasing engine life. The derating involves a tske-
off E.P.R. power setting .07 below the manufacturer's performance chart
figures, and is incorporated in all computed power settings shown in this
report (except for the three-engine climb from lift-off to SO feet).

Information concerning che aireraft performance and pilot techniques
peculiar to the Convair 880 22M during critical-engine-out takeor'fs was
requested of the manufacturer to determine what, if any, characteristics
may have been causal cr coniributory to the accident. Specifically, the
manufacturer was asked to show at what point in a sideslip the rudder
wvould no longer be effective. In reply, a Convair Division letter of
September 23, 1969, included performance data relating to maximum rudder
deflection for sideslip angle vs. alrspeed. The data showed that at the
maximum attained speed of 140 KIAS as shown by the flight recorder, a
sideslip angle of more than 7° would result in the beginning of rudder
"blowback," where the rudder hinge moment is overcome by slipstream
forces and causes the rudder to streamline with the vertical stabilizer,
Regarding this deta, the manufacturer stated that it was based on calcu-
lated data not acquired by flight tests, but considered to bte repre-
sentative of the actual aireraft response.

Forwarded with the same letter was a paper written by Flight Captain
A. P. Wilson, Engineering-Production FPlight, Convair Division, entitled
"A Pilot Reviews Swept-Wing Jet Trausport Takeoff." The paper was used
in the manufacturer's Convair 880 pilot training program. An excerpt of

Captain Wilson's paper is considered pertinent to this accident, and is
quoted as follows:

"Direction shouid be controlled by rudder and by 1lifting of the dead-
engine wing about 5 degrees. The 5 degrees bank awsy from the in-
operative engine helps achieve a lower Vme. At close to Vme, full
rudder must be used; as speed increases, less rudder will be required
to maintain direction, The aircraft can be trimmed as desired, the
minimum necessary being that desired,
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“Tn the main, rudder must be used to matntain direction, keeping the
alip to a maximuia of 5 degrees. If slip is used instead of rudder,
and if slip is allowed to increase to about 16 degrees, the added
1ift on the lower wing and the decreasec lift on the upper wing
produce & rolling moment that is sufficient to offset lateral con-
trol; at 15° slip conditicn the rudder, due to increased air losd,
folds back to a point where it is streamlined with the fin. At 17°
to 18° slip, the vertical stabilizer is subject to stall and direc-
tional control is lost., With asymmetric power, a turning moment
exists, the turning force as the rudder streamlines or the fin
astalls is no “onger held in check and the aireraft turns into the
dead engine. Any yawing into these static limits will, proportionate
to the yaw rate, aggravate the condition. The forward moving wing,
due to its nigher speed, and increased effective angle of atte:k,
gererates more 1ift, the backward moving (relatively speaking) wing
generates less 1ift, and these differences {combined with the differ-
ences in lift due to the slip) cause the aircraft to roll rapidly.

At low altitudes, it may bo impossible to recover from such & con-
dition; therefore, it is wise to maintain a considerable margin away
fronx this degree of slip., By holding a maximum of 5 degrees slip,
such a margin is ensured. This trait is character:stic of swept-wing
aircraft, and it is essential to be careful not to expose one's self
to such a hazard.”

The f1ight operations training manuals of Japaa Air Lines and other
Convair 88C operators reviewed during the investigation did not provide
specific informatisn regarding the limits of rudder controllability,
recommended maximum limits of slip angle allowable, and other Iinformation,
in the explanatory detail found in Captain Wilson's paper. However, the
approved Manufacturer's Fiight Manual for the Convair 880, under the
emergency procedures section relating to the missed-approach procedures
with three engines operating, stated in part "CAUTION IT IS IMPERATIVE
THAT LARGE SIDESLIP ANGLES (YAW ANGILES) ARE NOT ALLOWED TO DEVELOP, TO
MINIMIZE THE PROBABILITY OF LARGE SIDESLIP ANGLES {YAW ANGLES) DEVELOPIRG
WITH ONE OR TWO ENGINES CUT ON ONE SIDE, MAINTAIN DIRECTIONAL CONTROL WITH
THE RUDDER INSOFAR AS POSSIBLE, KEEP BALI, APPROXIMATELY CENTERED. DO NOT
USE EXCESSIVE BANK ANGLES OR IATERAL CONTROL.™

The Japan Air Lines Flight Training Guide, under "Yake OFF (3 Eng at
or after Vy)" states in part:

"In case of eng. out, apply sufficient rudder and aileron to maintein
wings level (Side slip must be checked by rudder. Never bank too
steeply)."

Klsevhere in the Training Cuide it is stated, without explanation,
that the maximum bank shall be limited to 5° at Vo speed.

N
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2. ANALYSIS AND COMCLUSIONS

2.1 Analzsis

Investigation of the physical evidence and records disclosed that
the aireraft was airvorthy, properly loaded, and capeble of rnomal
operation. The testimony of the surviving crewmembers showed that the

1 flight progressed normally up to the point where the detsrioratior in
. performance due to excessive sideslip resulted in a loss of controi.

The crew was properly certificated and qualified f'or the operation.
Although the flight instructor's evaluation of the trainee was that his
progress was slightly below average and he tended to scan the instru-
ments slowly, the instructor also stated that with the additional in-
struction tc be given him on the fli;ht involved, he expected that “he
trainee would successfully complete the training program. As part of
this instruction, the instructor intended to check the trainee's per-
formance in a similated critical-engine-out procedure. After this flight,
the trainee was scheduled to receive a JCAB Air Transport Rating check.

Crew testimony revealed that the takeoff proceeded normully untii
shovtly after lift-off when, somevhere between Vi and Vo, the instructor-
pilot retarded the No. % power lever very slowly. He stated that the
trainee's application of rudder to correct the resulting vaw to the right
was "a little delayed" and that he assumed control from the trainee "just
about when we were going off the runway" (aircraft heading such that the
runway was no longer in view). The flight instructor stated that at first
he used moderate rudder and when the yaw did not stop, he pushed about
three-quarters rudder travel. He stated, "I couldn't use full rudder
because I was too close to the ground and afraid of contacting the ground
with the left wing as a result of radical action." The above stateuent
shows that the trainee's corrective action was delayed and inadequate,

- and further, that the flight instructor's assumption of control and his
corrective action were delayed and inasdequate.

It is believed that the flight instructor's fear of ground contact
with the left wing, had he uséd more corrective rudder; was due most
likely to the relatively small angle of roll permissible near the ground.
However, in view of the rapidly developing yaw to the right, with conse-
quent likelihood of ground contect, his fear of using full left rudder is
improper in this situation. When he found that his rudder action did not
stop the yaw, the flight instructor reapplied power on the No. L engine.

He stated that this action stopped the yaw but ground impact occurred
shortly thereafter,

Familiarization with the corrective techniques to bve used in sim-
lated critical-engine-out procedures, gained by the Board's investigators
during the course of the investigation, showed that prompt application of
full, or almost full, rudder is required to correct for yaw, and that
aileron control in maintaining dirxection is also required.
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The flight recorder healing trace shows that shortly after 1lift-off,
a turn to the right began which, after 5.5 scconds, ended in a heading
change of 56°. It is evident that during this period, excessive sideslip
developed which exceeded the limits of rudder controllability, In view
of the excessive sideslip, rapid yaw rate, and low altitude, it is con-
sidered highly unlikely that recovery of aircraft control was possible
at this point in time. The rapidity of the yaw rate clearly suggests
rinimal corrective rudder was being applied before the yaw had progressed

to excessive proportions. A constant rate of the yaw during this pericd
further supports this.

Engine scrape marks and landing gear tire marks on the runway re-
vealed that the ajircraft was on a heading of 37° to the right of the
runway heading and 18° to the right of its direction of travel at initial
ground contact. As the aireraft left the runway, these marks showed the
aireraft heading was about 46° to the right of the runway heading and about
22° to the right of the direction of travel of the aireraft,

Convair performance data relating to the Convair 880M maximum rudder
deflection for sideslip angle vs. airspeed show that at 130 KIAS, maximum
rudder deflection will control up to a 10° sideslip, and at %0 KIAS, this
capability is reduced to about 7° sideslip., Considering the sideslip eagle
of between 18°and 22° disclosed by the engine and landing gear marks at
impact, the aircraft was at that time in a sideslip which was well beyond
the limits of rudder controllability. According to the mamifacturer's
Engineering Production Flight Captain A. P, Wilson, at a 17° to 18° side-
s1ip, the vertical stabilizer is subject to stall and directional contrnl
is lost. Captain Wilson further emphasizes that at low altitudes, it may

~ be impossible to recove: from such a condition, and he recommends a maximum
allowable sideslip of 5°.

The manufacturer's Flight Manual for the Convair 880 and the Japan
Air Lines Training Guide present adequate information with respect to
basic control techniques during three-engine-approach operations and three-
engine takeoffs at or after vy. However, these manuels and those of other
operators reviewed during the investigation of this accident did not pro-
vide specific information regarding the limits of rudder controllability,
recomended maximum limits of sideslip angle allowcble, and other infor-
mation in the explanatory detail found in Captain Wilson's paper.

The increased engine power required as a result of one-half and one-
ball sideslip angles, as demonstrated by tests accomplished in Convair 880
aircraft, showed that a one-ball sideslip increased the drag by an amount
approximately equal to the thrust of one engine, Thus it was determined
that the sideslip condition which was allowed to develop during the flight
not only adversely affected rudder controllability, tut also resulted in a
substantial loss of aircraft performance as well., The company's policy of
- a ,07 E.P,R, decrease in power (to increase engine life), was being com-
plied with by the crew at the time of the accident. This derating of
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engine power, hLowever, 1s nut considered significant to the accident in
view of the excessive sideslip end rapld rate of yaw which cccurred Just
before impact.

In an effort to obtain greater accident preventicn value from this
accident, the Safety Board endeavored to determina the underlying in-
fluences that may have resulted in the instructor pilot's obvious delay
in taking corrective action before the alrcraft re2ached the critical side-
slip from which recorery could not be effected.

Tne evidence indicates that the instructor sas thorcughly familiar
with the characteristics of the aireraft during the critical engine-out
takeoff maneuver. He was not only experienced in the Convair 880, but
he also had the reputation of being an excellent pilot and a good in-
structor. In addition, he had been an instructor in the aireraft for
several months and, in this assignment, had givea trainee pilots many
eritical engine-out maneuvers. Also, he had passed satisfactorily
regular checks on his own. proficiency.

As a factor in the delayed corrective action, consideration was given
to the possible effect of the slow retardation of power on the timely recog-
nition of the onset of the yaw moment. [his consideration could have
definite merit with respect to the trainee's responze but not with regard
to the instructor's delayed actions. The instructor knew he was reducing
power and that he was doing it silowly. He tharefore would be ready for a
less decernible response of the aircraft, and, indeed, the slower reduction
of power would afford him greater reaction {ime as compared to a more rapid
power reduction,

Consideration was also given to the tendency of an instructor to delay
corrective action to give the trainee & greater opportunity to respond to
a given situation. This trainee pilot had had some difficulty in his
training and the instructor was probably concerned about the trainee's
- progress. This is borne out tc some degree by the iunstructort!s reserved
evaluation of the trainee, bui more so by the fact that it was necessary
to give the trainee an estimated 20 critical-engine-cut maneuvers in about
12 hours of training. There is reason to believe the instructor was still
concerned about the traineels performance, and used the slow power reduction
technique not to make the aireraft response more difficult to detect by the
trainee, hut to afford him greater opwortunity to respond to the situation.

The Safety Board is of the opinion that the foregoing, in conjunction
with an instructor's normal desire to assist the trainee reach his ob-
Jective, and to afford him maximum opportunity to respond to a given
problem situation, may have caused the instructor to delay taking c¢or-

rective action until a point was reached where full recovery could not bde
effected.




2.2 Ccnclusions

(a) Findings

1.

2.

1.

The aircraft was properly loaded, properly certjficated,
airworthy, and capable of nommal operation,

All fliglt crewmembers were certificated and qualified for
the flight involved in accordance with existing regulations.

Air traffic ccntrol, communications, navigation aids, air-
Arome, and weather conditions wnre not involved.

The operation proceeded without incident until takeoff,
when the No, k power lever was slowly retarded to idle in
order to sisulate the loss of a critical engine after V,,
and prior to attaining V..

The yawing moment resulting from cutting a critical engine
was not controlled by the trainee and resulted in an excessive
sideslip and a high rate of yaw. Attempts by the instructor-
piiot to regain control were too late to be effective enough
to prevent the accident.

Proper corrective action required for yaw produced by the
eritical-engine-inoperative maneuver is the prompt appli-
cation of full, or nearly ull, rudder at the onset of yaw,
Afleron control is also required to maintain directional
control,

For training purposes, the slow reduction of power during a
critical-englne-out maneuver may be an urndersirable technique,
because it may result in a delayed recognition of the onset

- of yaw or overcontrol when it is recornized.

A hea”ing change of 56° in 5.5 seconds toward the simulated
inoperative engine was recorded by the heading trace shortly
after lift-off. The rapidity of this heading change shows
that corrective actions by the trainee pilot and the in-
structor were delayed and inadequate,

The pronounced depression in the flight recorder airspeed
trace between times 1:06 and 1:10, reflected & substantial
loss in dynamic pressure recovered by the pitot kead. This
pressure loss indicated the existence of an excessive side-
slip angle. Ingine contact and tire skid marks showed a
sideslip angle of between 18° and 22°,
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Accosding to data from the manufacturer, sideslip angles
in excess of 18° will stall the vestical fin and render
the rudder relatively ireffective for directional control.

According to the manufacturer, a sideslip angle in excess
of 5° should not be permitted during the eritical-engine-
inoperative maneuver,

The Manufacturer's Convair 880 Flight Manusl cautioned of
the danger of pewmmitting excessive yaw angles to develop
during critical-engire-out takeoffs. The Japan Air Lines
Flight Training Guide described control procedures for the
maneuver,

These manuals provided basic information but could have
been more definitive and 2xplanatory with respect to the
1imits of rudder controllability and sideslip, as re-
flected in Captain A, P. Wilson's paper on the overall
subject,

The sircraft was destroyed by impact with obstacles in
the groundpath and fire, ich broke cut during the ground
slide.

15. Jamming of the &ircraft exits and fire complicated and
delayed crew egress from the airceraft, The accident was
survivable, except for the occurrence of fire,

{b) Probable Cause

The Safety Board détermines that the probable cause of this
accident was the delayed corrective setion during a simulated critical-
engine-out takeoff maneuver resulting in an excessive sideslip from which
full recovery coculd not be effected.
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3. RECOMMENDATIONS

Based on this accident and others which have occurred under similer
cirmumstances, the Safety Board recommends to the Administrator of the
Federal Aviation Administration, that through his Air Carrier Inspectors,
all operaters of the Convair 880 and similar type aircraft be asked to
take the following actions: (1) re-emphasize to the pilot personnel tue
- characteristice of these aireraft during critical-engine-out maneuvers;
(2) assure thet flight iustructors, trainees, and line pilots are well
aware of safe and proper critical-engine-out procedures, the limits of
sideslip ang.es, rudder availability, and yaw limits for vertical sta-
bilizer stall; and (3) caution all instructor rersonnel to emphasize thet
they must be most careful to avoid any tendency to delay corrective actions
too long during critical training maneuvers even though the purpose of the
training flight is to check the actions of trainees who must have an op-
portuiity te ~2spond properly.

In connection with recommendation number 2, the Safety Board con-
siders the paper written by Captain A, P. Wilson, Convair Engineering,
Production flight, an erycellent example of information, the essence of
which should be included in training manuals and curriculuns by all
operators of large swept-wing four-engine tarbojet aireraft of the
Convair 880 type.

In addition to the foregoing, as the result of the several above-
referenced accidents involving engine-out maneuvers, the Safety Board
made other recommendations to the Administrator. Tnese recomnendations
and the Administrator's response thereto are included as Attachment 1 of
this report. At the present time, dcliberations on the recommend. Sions
are continuing.

BY THE NATIONAL TRANSPORTATION SAFETY BOARD:

/s/ JOHN H. REED
Chatrman

/s/ OSCAR M. LAUREL
Member

/e/ FRANCIS H, McADAMS
Membe:

LOUIS M. THAYER
Member

ISABEL A. BURGESS
Member

June 17, 1970




AYPENDIX A

Crew {nformatiga

Instructor Pilot Captain Kazuhiko (NMI) Suda, aged 37, holds JCAB
£ir Transport Rating No. 313, issued September 5, 1960, and Medical
Certificate (Class X) No. 40335, valid until October 31, 1969. He holds
JCAB 3r1 Class Aeronsutical Radio Operator Certificate No. 335, issued
January 10, 1956, with Medical Certificate No. 31060, valid until
October 31, 16€9. Captain 3uda was employed by Japan Air Lines on
April 1, 1654, from the Civil Avietion College of Japan. His employ-
ment record showed e had been assigned as copilot on BC-b, -6, -7, and
Convair 880 aircraft, and theresfter as captain on Convair 880 on August 2,
1963, and DC-8 captain January 10, 1966, He received his Instructor Pilot
Rating on March 1h, 1967. Company records show Captain Suda had accumu-
lated a total pilot time cf 7,613 hours, Of this total, 2784:28 hours
were as captain, 4245:43 were as copilot, and 583:17 as instructor pilot,
as of May 31, 1969, According to Captain Suds, his personal records re-
flect an additional 25:49 hours of CV-880 fnstructor tire, making a total
of 100:14 hcurs as a Convair 880 instructor at the time of this asccident,
Captain Suda stated Yo was assigred as a CV-880 instructor in December 1968,
and acted in this capacity during January, February, and June 1959. During
March, April, and May 1969, he +as serving as a IC-5 caeptain and instructor.
He was then assigned to the Convair 880 training program at Moses Iake,
Washington. Cap%tain Suda had received the following CV-880 instructor
training in addition to line pilot training and experience: Simulator
training at Delte Air Lines, Atlanta, Georgia --12 hours; flight training
&t Nagoya, Japan, December 28, 1968 --2 hcurs and 40 minutes; and at
Moses Lake, January T, 1969 -~3 hours and 23 minutes. He received a pilot
proficiency check ~n December 28, 1968, in the Convair €80, which included
engine-out tekeoff. The check pilot's comment on this flight siated: "In
spite of the “act that this check ride was made after extended period since
the last CV-380 check ride the proficiency shown by the checkee was out-
stending.” Company records show that during the 90 days pricr to the
accident, Captain Suda acquired 110 hours pilot experience, of which ap-
proximately 25 hours were in the ¢vV-880. |

- Pilot Traince Jyunichi Murata, aged .'?, held JCAB Commercial Pilot
Certificate No. 2150, issued June 8, 1967. His Medical Certificate
(Class I) No, 30818 was valid until October 31, 1969, He held JCAB 3rd
Cless Aeronautical Radio Operator Certificate No. 1954, issued October 25,
1967, with Medical Certificate No. 31260, valid until Cctober 31, 1969.
His JCAB Instrument Rating No. 937 was issued February 21, 1968. Mr. Murata
- was employed by Japan Air Lines on October 1, 1966, from the Japan Self
Defense Air Force., Company records show he was assigned as a student pilot
on April 1, 1967, and as a CV-880 copilot on Februery 22, 1968,  These
records show he had acquired 1763:06 pilot hours in the J.S.D.A.P. and
1010:14 pilot hours with Japan Air Iines. His total pilot time as of
May 31, 1969, was 2773:20 hours. He was assigned to captain-promition
training on June 12, 1969, Mr. Murata's records show he had 327:17 co-
pilot hours, including 32:22 for a CV-880 type rating., He had acquired
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15%:25 hours in the CV-880 in the previous 90-day period. An inter-
mediate check on June 19, 1969, conducted by Captain Suda at the halfway
point in this training, showed Mr. Murata was progressing at a rate of
average tc slightly bolow average and would reguire about 14 hours to
complete the course at the required skill level. Programmed time is

12 hours. ITastructor Pilot Captain Suda's evaluation indicated Trainee
Murata tended to scan the instruments slowly, ard it was necessary %o
remind him to eross-check for cverall control of sltitude, heading, and
airspeed during maneuvers. In addition, he tended to rotate the aircraft
tco rapidly for takeoff, although this problen had been ecrrected con
previous flights., The instructor's comment on the intermediate check
follows: "0.K. for ATR check depending on the demands for left seat capa-
bility, Judgment and planning is weak."

Flight Engineer Nobuhiro Uematsu, aged 31, holds JCAB Flight Engineer
Certificate No. 173, dated Novemter 7, 1963. His Medical Certificate
No. 3233, was issued Octcber 31, 1969. He alsc holds First-Class Aircraft
Mainten~nce BEngineer Certificate No. 839, dated April 19, 1966. Mr. Uematsu
was erployed by Japan Air Lines on 2pril 1, 1956. During the course of
his enployr:nt, he was rated as a Flight Bngineer in DC-H, -8, and CV-880
aiveraft, the latter rating issued February 7, 1967. On March 11, 1968,
he was issued a Flight Engineer Instructor Rating. Company records show
that Mr. Uematsu had accumulated a total time of 2948:13 hours as of
May 21, 1969, of which 1,11k hours were in CV-830 aireraft.

Crev information concerning Pilot Trainees Kawase and Yoshida is
ireluded in the company's report.




APPENDIX B

Investigation and Hearing 1

1. IXnvestigation

The National Transportationr Safety Board received notification of i
this accident shortly after its occurrence., An investigation team |
composed principally of personnel of the Pleld Investigation Division

of the Safety Board's Bureau of Aviation Safety was immediately dis-

pateched to the accident scene. Working groups were established to

investigate the acclident in the areas of Cperations, Powerplants, .
Systems, Stru:tures, Maintenance Records, Human Factors, and Witnesses.

Participants irn the accident invectigation were representatives of
the Japan Civil Aviation Bureau, Japan Air Lines, the Federal Aviation

Administration, Convair Division of General Dynamics, Ine., and General
Eiectric, Inc,

‘The on-scene phase of the accldent investigation lasted approximately
10 days. The accident inquiry was conducted in sccordance with the pro-
visions of Annex 13 of ICAQ (International Civil Aviation Organization).

2, Hearing

A pudblic hearing was not held in connection with the investigation
of tine accident,

3. PreltminarXABeports

There were no preliminary reports issued in connection with the
accident.




ATTACIMENT, Page 1

DEPARTMENT OF TRANSPORTATI(ON
NATIONAL TRANSPORTATION SAFETY BOARD

WASHINSTON, D.C. 1059

December 18, 1969

1.'€ CHAIRMANMN

Honcrable John H. Shaffer
Administrator

Federal Aviation Administration
Department of Transportation
¥Washington, D. C. 20590

Dear Mr. Shaffer:

Sitice Scplember 13, 1955, we have investipated five major ajr
carrier accidents which occurred while condueting simulated engine(s)-
out training ciose to the ground. These aceidents have resulted in
totrl destruction of the aireraft; all but one resulted in loss of
life, while four resulted in serious damage and loss of life on the
ground.,

As ypointed oul in your Notice of Proposed Rule Making 69-1h, issucd
March 28, 1969, other less hazardous means of eccomplishing this “ype
of training are now available.

Present generation flight simulators provide the capability for
simulating virtually every filight situation, including controllability
characteristices of specific aireraft in flight with ane or more engines
inoperative., C

The Board believes that a very limited amount of vroficiency training
may have to be conducted under actual flight conditions, despite the
advanced simulator technology presently available. The degrce of aircraft
vulnerability and attendani hazarde would be appreciably reduced if such
mancuvers were to be conducted at a safe altitude above theé terrain.

Should an actusl failure of a critical system occur under these conditions,
safe recovery could rost likely be effected without actual derogation of
the training value,

Ve are also concerncd with anothier factor which ray be detrimental
to safety during training flights. The analysis of several training
accidents disclosed that an additional crevicember had participated in
the mifunclion analysis and rercdial zetions Lzken by the erew. Ve do
not question Lhe additional erewiernbeoer's qualificatiors in any of these
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sitvations, but we do question vhether his participation appreciably
contributed to the crew's training.and efficiency. In fact, one of
our investigations indicatcs that the presence of the edditional) crew-
member may have distracted the pilot at a critical time.

In addition to our comments forwarded to you regarding proposcd
changes to Federal Aviation Regulutions Farts 61 and 121, as outlined
in Notice of Proposed Rule Making 69-14, the Board recommends the
following regulatory changes:

1. A1l mancuvers requiring simulated engine{s)-out operation
oft aireraft closc to the ground should be conducled in
and, to the maximum extent possible, limited to flight
simulator training devices.

2. fThe Adninistrator should establish a2 minimum altitude
above the terrain for those simulated engine(s)-out
mancuvers which must be performed in flight.

3. Equally qualified crewmembers nol direcetly involved in
the training opcration should be prohiibited frow the
flight deck area on all proficiency flight checks.

The arcas of concern have been discussed by perscnnel of our staff
with your FS-452 staff.

Sincerely yours,

Original signcd by
) John H. Recd

John H. Rced
Chatirman
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OFFICE OF
Porovable Johe H, Reed YHE ADMIN, STRATOR
chaizuan, Hational Transportation Safety Boacd
PDapartment of Transportation
tjashinaton, D, C. 20591

Peay e, Chalineng

Thavk you for your letter of 18 Deccmber 1962, councerning air carrier
accidonts involving sicuulated engine-out tralving,

Although the state-of-the-art of aircra(t simulation provides, as you
say, the capabiltiy for sinulating alvost all training mancuvers, an
adequite visual aystea is requirved to simulate maneuvers suci as englne
fallure on takeoff and the cireling approach to landing, A very liwited
nuzber of thesa siuulatovs are in use today.

I belleve you would agrea that the regulatory histoxy showa inereasing
trainting ceediln foc aiveraft sinulators as the state-of«tha-art has
advantead, Baglaaiug as carly as July 1935, the Civil Acronautics
AMatndsteativa touhtiaead action which led to adoption of a vesulation on

15 theeh 1957, uhich poveltted the alr carclers to cubstitute an approved
sirzulator coursa for ons of the vequived scul-annval pllot proficlency
cliecks. 71his rule was svhsequently auanded go that only cextaln low
altltvda siauvers need be accowpliched in an airplone during the altaraate
profletlency check (@.3., 118 appyoach, engluno failure on takeof €, ¢ixcling
appecicl), providad tha balance of the roguixed nancuvers tore conducted

fn an approved atrceaft sinulator, Hove recantly, rvegulations becaue cffcc-
tive on 15 Apxil 1967, vhich for the fivst time allo:iad certain cuorgency
mancuvers to be conducted tn a simulator for the afrcvaft typs ratiug check,
On | May 1968, the vules wara acendad to change the in-flight requirements
for turbojots relative to the approach and landing raneuver ith tho
sfuulated fafluve of 50 pexcont of tha avaflable powerplants,

Sinulating an cugine failure durkng takeoff at altitule is not a satis-
factory substitute fox accompliching the wancuver in an afvplane during
an actual takeoff or in a visuil simulatox sfnce, when done at altitude,
the realism of an actual englune failuve during takeoff is lost. Recont
astendrients to Marts 61 and 121 of tho Federal Aviation Reggulations peruit
this r:anauver to bo conducted during type vating and proficfency checks,
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fn a simulator vith on approved visual syeteu which should encouraze the

air cavriera to procure thoge systema, Since airplane perfernmee is baged
on engine faflure Juring takeaff, we nust ensure that pllots can safely
handle an cngine-out situation during regular operations., The sone rationzle
also applies to the enginz-ovt ujsecd approach. Howvever, the vecent anmend-
ments allovw the person conducting the check the option of giving the pilod
boeing checked citlier an ell-engine micsed approsch or an engine-out missed
approach, wvhich has the advantage of introducing the cleiment of suwrprise when
the latter mancuver is given,

The amonduents further provide for flight training and a flight check fn

an afrplane sinulator to the pilet {n cownond or second in coicand level

of proficiency, as appropriate, before the traince advances to the actual
afrplane. Thus, the rule conteuwplates a thovough kuouwlcdge of each required
mancuver and procedure and a predeterntned level of skill prior to poriorm-
fng them in actual flight, Therefore, the perfornice of the nincuvers and
procodufes by the tyrafuece on a one-tina bnasis in the afrplane durfng initial
or tvansition flight trafning is, in practicsl cffect, a dotcrninalion that
the proper trinsfer of lcrrniun from tha sjoulator to the alvplene hes been
achieved,

Although as you polat oul, one accident may have fnvelved diustraction of the
pilot by #n additional cretuembe on the flicht Jdeck, therve have hron other
cages during training flights vhere on additional ercasnsbor has alerted the
pllot to an wosafe condfition, Flight tralning of crevucabers §s vauolly
accoxplichad fn pairs vo that ench pilot w3y observe the cthar durlng Lheir
raospective periods of f{light fnstruction, -Such training fec highly deoivable
and advantageous to the pilots fnvelved, Nevevtheless, we will advise ow
Principal Oparvations Incpectors to sce to it that thedy assigned afr carvricre

“have icsued adeguate instructions to ensure that otlier evewiribers on the
flight dcck do not interfere with the perfovriance of the operating crevmonbers
during tyaintng (Lights,

Your intcrest ia this nrtter Is apprecianted,

sjnco oly,

%\” "*quf"m/l.;

Pp. B. Theras
Acting Adninistrator




